Resistance heat aided friction stir welding (RFSW) was utilized in this experiment with the combined effects of friction heating and resistance heating by adding the direct electric current (0-160 A) to the AZ31B magnesium alloy butt joint. The welded joints were described by optical microscope observations. Analysis of the grain boundary character distribution by optical microscope showed that the weld zone defects decreased, and smoother and more compact joint appearance was accessed by combining the direct electric current with the conventional FSW. In addition, raising the value of electric current promoted the joint quality and refined the grain size in the weld nugget zone (WNZ) and thermo mechanically affected zone (TMAZ) dramatically. However, since there are more grain growth and secondary recrystallization in HAZ of RFSW joints, the average grain size is larger than that of conventional FSW joints. The travel speed of 30 mm/min and the current value of 160A were optimum options within the parameters investigated in this work.
Introduction
Friction stir welding (FSW) is a new solid phase connection technology invented by TWI in 1991, which has been widely used and shows significant technical and economic benefits in shipbuilding, aerospace, rail traffic and car manufacturing industry 1) . However, the results of the bad welding quality show that FSW is not appropriate for the high melting point material such as carbon steel, stainless steel, titanium alloy and so on. Mainly due to the high melting point metal and hardness, it is difficult to get good plastic softening organization only by FSW with its insufficient mechanical force and friction heat input 2) . In the welding of high melting point and high hardness alloy material, the FSW with a single heat source production does not make for a good welding joint under a low welding speed.
And as such, in recent years the researchers put forward to the combination of FSW technology and other welding process gradually, such as Laser-friction stir welding technology, arc-friction stir welding technology and ultrasonic-friction stir welding technology 3, 4) . The complex friction stir welding technologies play a positive role in solving the current problems existing in the FSW. The method of resistance heat aided friction stir welding (RFSW), with a composite heat source of inner resistance and friction stir heat, provides a new research idea and method to solve the welding problem of high melting point metal, seam and in the friction stir welding zone, the current will generate resistance heat on the welded material, which works together with friction stir heat to form a hybrid heat source. The welded material in adjacent area of the stir head will be softened and reach its thermoplastic state since the rise of its temperature, and solid phase joining will finally be realized. Specific details may be seen our research works 3, 5) . RFSW method breaks through limitations of the welded material in friction stir welding. Furthermore, this method also reduces the chances of having some FSW defects caused by insufficient heat input.
Experimental procedure

Experimental principle
Material and Parameters
Plates of 5mm-thick AZ31B [bal. Mg, 3. The oxalic acid solution (2%) was used to etch the AZ31B Mg alloy. After etching, the diverse samples were observed under the optical microscope to analyse the grain boundary character distribution.
Result and discussion
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Conclusions
(1) Using the method of resistance heat aided friction stir welding can successfully butt weld AZ31B magnesium alloy.
(2) The applied electrical current in RFSW increases the joint temperature and improves the plasticity and flowability of the welded material, therefore makes it easier to form a uniform, continuous and dense arc corrugation, resulting in smoother surface.
(3) While keeping other welding parameters the same, the average grain size of WNZ and TMAZ in RFSW joints is smaller than that of conventional FSW, and increasing the electrical current will make the grain in these regions even finer; however, since there are more gain growth and secondary recrystallization in HAZ of RFSW joints, the average grain size is larger than that of conventional FSW joints.
